Abstract Predictive species' distribution models may answer ecological questions about habitat selection, co-occurrence of species and competition between them. We studied the habitat preferences and segregation of two sympatric species of declining sandgrouse, the black-bellied sandgrouse (Pterocles orientalis) and the pin-tailed sandgrouse (Pterocles alchata), during the breeding season. We developed predictive models that related sandgrouse presence to environmental variables at three different spatial levels: large geographical, landscape and microhabitat scales. At the large geographical scale, differences between sandgrouse distributions, in the Iberian Peninsula, seem to be explained mainly in terms of bioclimatology: pin-tailed sandgrouse appear to be a more thermophilous species and occupy warmer sites usually located in flatter areas. At the landscape spatial level, in those areas that exhibit environmental conditions allowing for both species' co-existence at a large geographical scale, blackbellied sandgrouse appear to be more tolerant to environmental variation than pin-tailed sandgrouse. At the microhabitat level, however, differences between species could be related to different flocking behaviour as a consequence of different sensitivities to vegetation structure and predators. Thus, the observed spatial distribution patterns are the result of different ecological factors that operate at different spatial levels. Conservation guidelines for these species should therefore consider their habitat preferences at large geographical, landscape and microhabitat scales.
Introduction
Similar species may be more likely to co-occur if different environmental conditions are available at different times or places (e.g. Amarasekare and Nisbet 2001) . At a wide geographic scale, differences between sympatric species (i.e. species existing in the same geographic area) regarding environmental requirements usually determine the differences in their distribution and abundance, although wide areas of coexistence may occur (Fitzpatrick et al. 2008 ). However, the more similar two species are, the more alike their responses to environmental changes are expected to be and more intense competition over similar resources is also expected (Qvarnström et al. 2009 ).
Predictive species' distribution models may answer ecological questions about habitat selection, co-occurrence of species and competition between them (Brambilla et al. 2010) . In this regard, a considerable effort has been devoted to develop species-specific habitat models that increase our knowledge of species' distribution and habitat suitability (e.g.
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Electronic supplementary material The online version of this article (doi:10.1007/s10344-014-0826-z) contains supplementary material, which is available to authorized users. Osborne et al. 2001) . However, studies considering multiscale spatial approaches to the study of habitat selection are scarce (Tews et al. 2004 ). Habitat selection is actually a hierarchical process which involves habitat preferences at different environmental scales. Thus, the habitat selection at a lower spatial scale is conditional upon the higher order spatial scale (Hutto 1985) . Therefore, multi-scale approaches are useful for gaining insight into different factors limiting the persistence of populations and the role of individual perception of the environment in the evolution of habitat selection. This kind of approach would be especially informative for species with overlapping distribution ranges. Additionally, habitat models parameterized at large spatial scales may lead to inaccurate predictions because, in large areas, regional or local variations may be undetected (Suárez-Seoane et al. 2002) . Finally, similar species co-occurring at a landscape scale can show a clear spatial segregation at the microhabitat scale often related to vegetation structure and, in some cases, to interspecific agonistic behaviours.
Identifying the ecological requirements and the habitat features that favour a species' survival and reproduction is critical in establishing any conservation strategy and especially so for species inhabiting environments that are subjected to rapid anthropogenic changes (e.g. Tella et al. 1998; Tapia et al. 2007 ). European agro-systems are undoubtedly among these environments, principally due to agricultural intensification that is causing a fast and severe decline in bird populations associated with these habitats. As a result, a large number of farmland bird species are considered threatened in Europe, with 83 % of the species in an unfavourable status (BirdLife International 2004) .
In the Iberian Peninsula, extensive pasturelands and nonirrigated croplands constitute two of the main refuges in Western Europe for steppe-land birds (Santos and Suárez 2005) such as the threatened black-bellied sandgrouse (Pterocles orientalis) and the pin-tailed (Pterocles alchata) sandgrouse. Habitat requirements of both sandgrouse species have been studied in the Iberian Peninsula using data from censuses (Martínez and De Juana 1996; Suárez et al. 1997; Herranz and Suárez 1999; Campos 2004; Martínez 2005; Suárez et al. 2006; Cardoso et al. 2007; Benítez-López et al. 2013) or radio-tracked birds (Martín et al. 2010a ). These studies underscored that the main threats for the conservation of both species are the reduction in size and quality of their habitat (Madroño et al. 2004) . Moreover, differences in habitat selection between both species along their distribution range seem to be sparse or even non-existent (Herranz and Suárez 1999; Benítez-López et al. 2013) , and the parameters of the vegetation structure which define their habitat segregation at finer spatial scales remain undefined. Therefore, the particular habitat characteristics and the difference between habitat preferences in both species at different spatial scales need further research.
Although a recent study assesses the relative importance of environmental and anthropogenic factors in the distribution of both sandgrouse species at a large geographical spatial scale (Benítez-López et al. 2013) , here, following a multi-scale approach, we studied the habitat selection patterns for the two Iberian sandgrouse species in areas where they live in sympatry. We considered three different spatial scales (large geographical, landscape and microhabitat scales) according to the hierarchical condition of the habitat selection process. We investigated the patterns of habitat use by examining factors affecting the presence of black-bellied sandgrouse and pintailed sandgrouse in Spain (large geographical scale) and in the Madrid region of central Spain (landscape and microhabitat scales). We assessed the potential environmental factors influencing the habitat preferences made by both species in order to determine the extent to which species-specific habitat selection is taking place in each sandgrouse species. Although the environmental requirements of both species may coincide where they co-exist at large geographical and landscape scales, we expect that their habitat preferences will be different at the microhabitat scale.
Methods

Study species
Black-bellied sandgrouse and pin-tailed sandgrouse are threatened species in the study area. Although both are considered species of least concern at the global level, they are classified as vulnerable in Europe and Spain (BirdLife International 2004; Madroño et al. 2004) . Within Europe, both species occur mainly in the Iberian Peninsula, although the pintailed sandgrouse also reaches southeastern France. Spanish populations for both species have shown a decreasing trend for the last few decades which puts the pin-tailed sandgrouse population at 8,000-11,000 birds and the black-bellied sandgrouse population at 7,800-13,300 individuals, making these the largest populations in the world (Suárez et al. 2006) . The Madrid region is located in central Spain and holds a population of c. 120 breeding and c. 450 wintering pin-tailed sandgrouse, whereas only c. 120 breeding and c. 130 wintering black-bellied sandgrouse have been counted in the area (Martín et al. 2012; Palacín et al. 2006) Although black-bellied sandgrouse is larger than pin-tailed sandgrouse, both species show similar morphological traits (De Juana 1997) , and although they are sympatric in several areas, they exhibit differences in their distribution range. Both are gregarious species, in which flocking behaviour reaches a peak during winter, while flocks are much smaller during the breeding season (De Borbón et al. 1999; Martín et al. 2010b) . Although interspecific associations with the little bustard (Tetrax tetrax) have been described for pin-tailed sandgrouse (Martín et al. 2010b) , interspecific associations between both sandgrouse species do not seem to be common (De Borbón et al. 1999; pers. obs.) .
Data collection
Large geographical scale
Data on sandgrouse distributions were obtained from the digital edition of the Breeding Bird Atlas of Spain (Martí and Moral 2003) . Volunteers conducted surveys using standard methodologies to detect evidence of species reproduction during the breeding season (April-June) from 1998 to 2002 (Martín et al. 2012) . Databases were available at a spatial resolution of 10×10 km (Universal Transverse Mercator (UTM) squares) and contained the distribution of both species on the basis of presence/absence data. From a total of 1,665 different 10×10 km cells for mainland Spain (Fig. 1a) , the presence of black-bellied sandgrouse was recorded in 831, whereas pin-tailed sandgrouse were only recorded in 430. The presence of both species was detected in 280 10×10 km UTM squares (Fig. 1a) .
Landscape and microhabitat scales
Data for landscape and microhabitat analysis were collected in central Spain (Madrid region). In this region, black-bellied sandgrouse have a restricted spatial distribution, and occur in two different areas (Palacín et al. 2006; Martín et al. 2012) : the Special Protection Area for Birds (Estepas cerealistas de los ríos Jarama y Henares (SPA 139)) and the Tajo river terraces (Estremera-Fuentidueña de Tajo-Villamanrique de TajoVillarejo de Salvanés). In this last area, black-bellied sandgrouse co-exist with pin-tailed sandgrouse, which are also present in an additional area in the southern part of the Madrid region: SPA 119 Carrizales y Sotos de Aranjuez (Fig. 1b) . All these areas are flat or slightly undulating and dominated by extensive cereal crops with an average precipitation of 500 mm/year. Wheat and barley are not only the main crops but also other dry-land crops are present including legumes such as vetch Vicia spp., olives and vineyards. The traditional cultivation regime provides these areas with fallow and stubble fields.
From 15th April to 15th July 2007, we intensively surveyed all open areas inside 10×10 km UTM squares of the Madrid region with known presence of one or both species, covering most of the breeding period of both species (Suárez et al. 2006; Martín et al. 2012) . We selected days with favourable weather conditions (without rain or wind). To avoid possible duplication of surveying flocks, observers where organized into two teams that communicated with each other while simultaneously surveying contiguous areas. In total, 23 UTM squares of 10× 10 km were surveyed, and a total of 41 flocks of pin-tailed sandgrouse and 60 of black-bellied sandgrouse were considered in the analyses (only birds observed on the ground). Mean flock size for pin-tailed sandgrouse was higher (mean = 6.88, range 1-31 birds) than for blackbellied sandgrouse (mean=4.82, range 1-25 birds).
In order to detect as many birds as possible and to ensure complete coverage of the surveyed areas, we planned survey routes for four-wheel drive vehicles and routes to be done on foot. Survey routes by vehicle were performed at low speed following the trail network within the surveyed areas, stopping each time a new field of vision was encountered to observe with binoculars and spotting scopes, and to listen for birds calling. Survey routes on foot followed the methodology used by Martínez et al. (1998) . 
Large geographical and landscape scales
The geographical variation of each sandgrouse presence at the large geographical scale was modelled using nine environmental factors selected a priori, based on previous knowledge of their possible importance as determinants of steppe-land bird distribution patterns (Madroño et al. 2004; Osborne et al. 2001; Suárez-Seoane et al. 2002; Suárez et al. 2006) . At large geographical scales, models combining two or more sets of predictors (e.g. topographic and vegetation related) often show a better predictive ability than those based on a single set of variables (e.g. Bustamante and Seoane 2004 ). Therefore, at this scale, we employed variables related to topography, climate, seasonality and human activity. At the landscape scale, sandgrouse presence was modelled using variables describing topography, human disturbance and the agricultural mosaic. We evaluated a total of nine different predictors. The sample unit for the landscape (and microhabitat) scale analysis was the flock, not the individual bird, because the two species are gregarious, and thus, the presence of one individual cannot be considered independent from the presence of other individuals of the flock.
The environmental data analyzed was processed with ArcGIS 9.2 (ESRI). For analysis at the large geographical scale (see Table 1 ), the standard deviation in elevation within each 10×10 km square, which was determined from a digital elevation model (DEM) with 1×1 km resolution, was used as a measure of roughness. Seasonality was quantified using the coefficient of variation in monthly temperature in each 10× 10 km square. We also considered seasonal variation as the annual amplitude of temperature (Bustamante 2003) . As measures of human activity, we quantified distance to the nearest transport infrastructure (roads and railways). Mean annual temperature, coefficient of variation (CV) in annual temperature, amplitude of temperature and distance to infrastructure were measured using a GIS-moving window based on averaged distances in the 10×10 km squares of 1 km 2 . The surface of herbaceous land-dry crops was measured as proportions of 1-km grid cells within the final grain of 10×10 km squares.
At the landscape scale (Table 1) , topographic variables were derived from a DEM with a resolution of 50 m. Roughness was measured as the standard deviation of slope values in a window of 3×3 pixels around each point. Minimum Euclidean distances from each location to roads and urban areas were calculated from digital vector maps at a scale of 1:50,000. The area and perimeter of the agrarian plots containing each location were calculated from digital maps of registered properties at a scale of 1:5,000 (Table 1 ). The status of the plots within the agricultural cycle was determined through routes by vehicle and on foot, assigning each plot to previously defined categories (Table 2 ) and correcting the boundaries of the plots in case there was no coincidence between the map boundaries and those observed in the field.
Presence locations were assessed against the same number of random points. These points were randomly selected from the total set of 10×10 km UTM squares for the large geographical scale analysis, whereas for the landscape approach, an equal number of random points within the 10×10 km UTM squares of the Madrid region with known presence of the species was generated with the Hawth's tools extension (Beyer 2004 ) in ArcGIS 9.2. These random points were also used for the estimation of the land use availability.
Microhabitat scale
We quantified microhabitat characteristics through five new variables (see Table 1 ): height of herbaceous vegetation, roughness, relative vegetation cover, relative cover of stones with size between 2 and 10 cm, and relative cover of stones larger than 10 cm. These variables were recorded in four squares of 25×25 cm distributed at random in a band of 20 m around each flock location within the same agrarian plot, using the mean of the four values to characterize the microhabitat at each point. For comparison, the same number of measurements was taken in adjacent plots, where the species were not detected during surveys, in order to keep microhabitat conditions as similar as possible between presence and non-presence data. Roughness (i.e. the amount of relief of each square) was measured as the difference between the maximum and the minimum altitude within the 25×25 cm square (Rodrigues 1994) .
Statistical analysis
Relationships between each sandgrouse species presence and environmental variables were assessed using generalized linear models (GLM) with binomial response and logit link function in R version 2.10.1 (R Development Core Team 2009).
Before modelling, we analyzed the extent of any collinearity among predictors using the variance inflation factor (VIF). The variation in the predictors, measured as the coefficient of variation (CV), was also analyzed at all spatial scales to explore for differences between pin-tailed sandgrouse and black-bellied sandgrouse locations. CVs were quantified based on presence data for both species and excluding locations where the two species were not detected. Since the pintailed sandgrouse presence sample was smaller than that of the black-bellied sandgrouse, we randomly selected a number of black-bellied observations equal to the pin-tailed presence sample size for a balanced comparison of the CVs between species.
To assess the extent of spatial autocorrelation in the presence data, we used a spline correlogram of the model residuals (Bjørnstad and Falck 2001) . To produce the correlograms, we used the ncf package in R. We first fit GLM models, including all the explanatory variables, and when spatial autocorrelation was detected, we applied the Moran eigenvector filtering function (spdep package in R). This function is intended to account for spatial autocorrelation from the residuals of the model using a subset of eigenvectors that are added to the GLM (Dray et al. 2006 , Dormann et al. 2007 ). Finally, we compared spline correlograms of the Pearson residuals from GLM and these models to assess if the inclusion of the spatial term might remove the spatial autocorrelation in the data.
Before fitting the models to the data, the explanatory variables were standardized to improve convergence of the fitting algorithm and to set the estimated coefficients on the same Relative cover of stones larger than 10 cm coverstone2-10 Relative cover of stones with size between two and 10 cm scale, allowing effect sizes to be quantified through the comparison of coefficient estimates. We used Akaike's information criteria (AIC) to identify the most parsimonious of the models. We calculated Akaike weights of each model (w i ) as an index of the relative likelihood of the candidate models. The model selection started with the saturated model and then we eliminated one variable after the other until we reached the simplest model that fits the data. In the case where there was no single model that could clearly be considered the best (DeltaAIC <2), we took model uncertainty into account and made inferences based on model averaging (Burnham and Anderson 2002) using the MuMIn package in R (Barton 2010). Variables were considered significant if their 95 % confidence interval for odds ratio-exp (confidence interval)-did not contain the value 1 (see Table A3 , Supporting information).
Agrarian substrate use versus availability
Selection patterns of land cover types within the agricultural mosaic were analyzed with univariate tests. The presence of sandgrouse species in the different land cover types (status of the plots within the agricultural cycle, see Table 2) was compared to their availability (expected frequencies), calculated from a random selection of points in an equal number to the presence observations by generating a null distribution (creating a randomized data set in which the values are randomly reassigned) and exploring if the observed data falls inside or outside the expected distribution. The test statistic measuring whether sandgrouse were using habitats according to their availability was the χ 2 test. Finally, a probability was computed as the proportion of the 10,000 replications whose χ 2 values exceeded χ 2 for the original data. To counteract the negative effects of multiple comparisons, we tested if sandgrouse land cover types were significantly different from random at a Bonferroni corrected level.
Results
Large geographical scale analysis
After removing temperature amplitude (tma_amplitude), the VIFs were well below 5 (see Table A1 , Supporting information), suggesting that collinearity was not a major issue (Neter et al. 1990) , and therefore, we incorporated the remaining variables into the GLM analysis.
The selected subset of eigenvectors that were added to the GLM models reduced the spatial autocorrelation in the data, although a slight positive spatial autocorrelation was still present at a short lag distance of less than 20 km (see Fig. A1 , Supporting Information).
Although both species distributions showed spatial autocorrelation at this scale, spatial autocorrelation was higher for pin-tailed sandgrouse (Fig. A1 , Supporting information).
Given that there was no single model that was clearly the best at large geographical scale (see Table A2 , Supporting information), sandgrouse parameter estimates were averaged based on all the models tested with a Delta AIC <2 (Burnham and Anderson 2002). The results vary slightly between the two sandgrouse species; however, the most important negative predictors for both species, according to the comparison between the coefficient estimates, were the terrain roughness (rough), followed by annual precipitation (precip). Surface of dry-land crops (cult), CV in annual temperature (cv) and distance to infrastructures (distroads) were positively related to both species' presence, although cv and cult were only statistically significant for black-bellied sandgrouse. Mean annual temperature (tma), however, was only positively and significantly related to pintailed sandgrouse presence. The effect of insolation (ins) on sandgrouse presence was only negatively and significantly related for pin-tailed sandgrouse, whereas surface of dry-land crops (cult) and CV in annual temperature (cv) was positively related with black-bellied sandgrouse presence ( Fig. 2a ; Table A3 , Supporting information).
Landscape scale analysis
According to VIFs (Table A1 , Supporting information), we removed perimeter from the initial set of factors to avoid collinearity among predictors. Therefore, six variables were finally incorporated into the GLM analysis. Within the landscape area's spatial extent, no significant spatial autocorrelation was detected (Fig. A2 , Supporting information). The model with the lowest AIC was not at least two times more likely to be the best model than the next best model. Therefore, model averaging was applied based on all the models with a Delta AIC <2. The main factor for both sandgrouse species was the distance to tracks (paths), followed by the distance to human settlements (urb), which were positively related to the two sandgrouse presences. Plot size (area) and distance to roads (roads) showed a negative and significant relationship with black-bellied sandgrouse presence (Fig. 2b) .
Land use versus availability
Habitat use by sandgrouse differed significantly from random at a Bonferroni corrected level (χ 2 =40.98, df= 2, p<0.001 for pin-tailed sandgrouse and χ 2 =61.10, df= 2, p<0.001 for black-bellied sandgrouse). The proportion of χ 2 values greater than the obtained χ 2 was 0 for both species, and the likelihood-ratio χ 2 statistic was 45.83 and 68.89 for pin-tailed and black-bellied sandgrouse, respectively. Those χ 2 had a p value <0.001. Plough was the most used substrate for both sandgrouse species. Like pin-tailed sandgrouse, black-bellied sandgrouse also selected plough over crops according to observed and expected frequencies (Fig. 3) . Crop were consistently avoided by both species (p<0.001). Contrastingly, fallow were also significantly avoided by pin-tailed sandgrouse but used according to their availability by black-bellied sandgrouse (p value = 0.05, non-significant at a Bonferroni corrected level p<0.0125). Coefficients are estimated by model averaging from a subset of best-fit models (see Table A2 , Supporting information). a Large geographical scale; b landscape scale; c microhabitat scale. Black bars represent pin-tailed sandgrouse, whereas white bars show black-bellied sandgrouse preferences. Since all the explanatory variables were standardized before modelling (see "Methods"), all the estimated coefficients are on the same scale, allowing effect sizes to be quantified through the comparison of coefficient estimates. Significance of the variables in the models is marked with an asterisk. Variables are significant if their 95 % confidence interval for odds ratio-exp (confidence interval)-do not contain the value 1 (see Table A3 , Supporting information)
Microhabitat scale analysis
The VIFs for all predictors at the microhabitat scale were below 5 (see Table A1 , Supporting information), showing the absence of collinearity; thus, we included five continuous predictors in the GLM analysis. No significant spatial autocorrelation was detected (Fig. A2, Supporting information) . A best-fit model could be identified for pin-tailed sandgrouse (Table A2 , Supporting information). Given there was no single model that was clearly the best in the case of black-bellied sandgrouse, model averaging was applied based on all the models tested with a Delta AIC <2 (Table A2 , Supporting information). The main variables in predicting microhabitat presence differed between species: roughness (rough) showed a negative relationship with pin-tailed sandgrouse presence, whereas cover of large stones (coverstone10) was positively related to the presence of black-bellied sandgrouse. Vegetation height (altveg), however, was negatively related to both sandgrouse presences (Fig. 2c) . In addition, the relative vegetation cover (coverveg) was only negatively and significantly related with pin-tailed sandgrouse presence.
Coefficient of variation in areas of co-existence
Higher CVs for black-bellied sandgrouse locations compared with pin-tailed sandgrouse locations were observed except for surface of dry-land crops (large geographical scale), distance to roads (large geographical and landscape scales) and roughness (microhabitat scale; Fig. 4 ). The coefficient of variation Fig. 3 Coefficients of variation (CV) of the predictors in presence locations (see "Methods") for both sandgrouse species (white bars black-bellied and black bars pin-tailed) at the three spatial scales. a Large geographical scale; b landscape scale; c microhabitat scale in distance to urban settlements (large geographical scale) was almost identical for the two species.
Discussion
Habitat preferences of both sandgrouse species
Large geographical scale
According to our results, differences in habitat selection between both species seem to be small. The presence of both sandgrouse at the larger spatial scale was primarily linked to drier and flatter areas. This pattern is only reflecting a preference for the typical habitat of these species: steppe-like areas. However, pin-tailed sandgrouse showed a stronger preference for warm, flat and arid sites. These results are also supported by other authors (Benítez-López et al. 2013; Hinsley et al. 1993 ) who found pintailed sandgrouse to occur in hotter and more arid regions than black-bellied sandgrouse. Differences between Iberian sandgrouse distributions have been previously interpreted in terms of bioclimatology (Díaz et al. 1996) , taking into account that pin-tailed sandgrouse are most abundant in the meso-and thermo-Mediterranean levels, while the largest abundance of black-bellied sandgrouse is found in the supra-and meso-Mediterranean. Additionally, our study shows that pin-tailed sandgrouse are also more sensitive to the influence of human presence at this spatial scale, and they are less dependent than black-bellied sandgrouse on herbaceous crop cover.
Landscape scale
Roads are not necessarily avoided by sandgrouse species at the landscape scale if they occur in flatter areas which are positively selected at the large geographical spatial level. Roads are usually built in flat areas that are preferred by sandgrouse. Moreover, the potentially negative effects of roads may depend on the level of traffic that they experience (Reijnen et al. 1996) . In any case, both sandgrouse species are sensitive to human activity at this spatial level because they strongly avoided trails and, to a lesser extent, human settlements in the study area. Other studies have reported an avoidance of human-disturbance factors like roads and villages for black-bellied sandgrouse at a similar spatial scale (Cardoso et al. 2007; Seoane et al. 2010) .
Agricultural intensification leads to a simplification of the landscape with a significant increase in the size of plots (Firbank et al. 2008 ). According to Herranz and Suárez (1999) , pin-tailed sandgrouse appeared to be less tolerant of agricultural intensification compared to black-bellied sandgrouse. In the Madrid region, the size of the agrarian plot showed a negative effect on the occurrence of the pin-tailed sandgrouse but not in the black-bellied sandgrouse.
Land use selection patterns
Other studies have shown markedly different habitat use by the two species depending on the particular region analyzed and, consequently, the different land use type available. However, the main land use preferences do not seem to differ between each sandgrouse species within a region (Suárez et al. 2006) . Additionally, in our study area, ploughed fields Fig. 4 Observed proportions of substrate types (three categories) at random sites (grey bars) within the study area and substrate types used by black-bellied sandgrouse (white bars) and pin-tailed sandgrouse (black bars). Differences between use and availability (expected substrate types) were significant at a Bonferroni corrected level (df=1, p<0.0125) for all the substrate types (χ 2 plough=15.29 for pin-tailed sandgrouse and 29.33 for black-bellied sandgrouse; χ 2 crop=14.22 for pin-tailed sandgrouse and 27.92 for black-bellied sandgrouse; χ 2 fallow=11.56 for pin-tailed sandgrouse) except for 'Fallow' in the case of black-bellied sandgrouse (χ 2 =3.86, df=1, p=0.05)
were consistently used and positively selected in all areas for both sandgrouse species. In contrast, cereal crops were used less often than expected. The later results are highly consistent with those of previous studies (Barros et al. 1996; Campos 2004; Martínez 2005; Martín et al. 2010a; Martínez and de Juana 1996; Herranz and Suárez 1999) . Ploughed fields are probably an important source of seeds and soft leaves from sprouts, the main components of the diet of sandgrouse (De Juana 1997; Martín et al. 2010a; Herranz and Suárez 1999;  own unpublished data for the study area), whereas the use of fallow fields and non-cultivated plots might be a condition of the height and density of vegetation (Cardoso et al. 2007; Ferns and Hinsley 1995) . In the same way, wooded or forested habitats like olive fields and vineyards have less use or do not provide significant benefits for sandgrouse (Barros et al. 1996; Herranz and Suárez 1999) . Alternatively, sandgrouse may also be avoiding those highly vegetated areas in order to reduce predation risk (Ferns and Hinsley 1995; Lloyd et al. 2000 , see also results below for microhabitat spatial scale).
Microhabitat scale
As with the landscape land use preferences, vegetation cover at the microhabitat scale exhibited a negative effect in the Madrid region. Both species preferred plots with low vegetation cover (positive selection of ploughed fields at the landscape scale) and, at the microhabitat level, with low vegetation height or, alternatively, with high stone coverage. Preferences for stone coverage at the microhabitat scale have been related to a reduction in predation risk, since stones can help to conceal clutches from predators of those species (Lloyd et al. 2000; Znari et al. 2008) . Moreover, green parts of plants do not represent an important food resource for either species, whereas they might constitute an obstacle to detecting and escaping from potential predators (Butler and Gillings 2004; Ferns and Hinsley 1995; Whittingham and Evans 2004) . Selection for low roughness at the microhabitat scale in the pin-tailed sandgrouse also promotes an efficient alertness and easier movement through the field (Barros et al. 1996; Cardoso et al. 2007 ).
Segregation and overlap between species
Nearly 40 % of the 10×10 km squares with sandgrouse presence at the large geographical scale are areas where both sandgrouse are sympatric. Other authors have also found a marked overlap between both species' distribution in the Iberian Peninsula (Suárez et al. 2006) . Optimal foraging and habitat selection theories have been used to explain the co-existence of sympatric species (Rosenzweig 1981) . According to these theories, we would expect species co-existence to be favoured when one of the species is a specialist and the other a generalist (Rosenzweig 1987) . In spite of the high degree of similarity in habitat preference between both species, we observed marked differences in the variation of the predictors. Variation in all parameters was generally, and consistently, larger for black-bellied sandgrouse compared with pin-tailed sandgrouse, which is interpreted as a higher tolerance of black-bellied sandgrouse to changes in environmental conditions in those places where both species occur in sympatry. This is an interesting finding, since studies investigating habitat requirements in species are usually focused on mean parameter values but seldom on the variance experienced by the predictors. This higher variability in habitat tolerance in black-bellied sandgrouse could also explain why the differences found in the habitat preferences of both species have been so seldomly detected in the models. The pattern observed is supported by the broader spatial distribution of black-bellied sandgrouse at the large geographical level (1,113 10×10 km UTM squares with black-bellied sandgrouse presence against 710 with pin-tailed sandgrouse presence), which suggests wider niche amplitude in this species compared with pin-tailed sandgrouse (Benítez-López et al. 2013; Suárez et al. 2006) . Nevertheless, although black-bellied sandgrouse exhibit a wider spatial range, pin-tailed sandgrouse occur at larger densities (almost double) (Martínez et al. 1998; Suárez et al. 2006 ) as a consequence of their higher degree of gregariousness (larger flock size detected at the landscape and microhabitat levels) (Martínez et al. 1998) . Therefore, in spite of its more restricted distribution range, the pin-tailed sandgrouse exhibit a similar population size compared to the black-bellied sandgrouse in Spain as well as in the Madrid region. Joining in flocks is related to feeding resources that are irregularly distributed (Perrins and Birkhead 1983) , as is the case of sandgrouse which feed on seeds. However, other reason for gregariousness is related to anti-predator benefits (Treisman 1975) . Differences in distribution and habitat use between sympatric species are usually interpreted as a result of the competition between them, although differential predation has also been found to contribute to such differences in sympatric zones (Gourbiere et al. 1999) . Interspecific associations between pin-tailed sandgrouse and other species (particularly little bustard, T. tetrax) have been described elsewhere (Martín et al. 2010b) . These associations allow pin-tailed sandgrouse to exploit more vegetated land use types to feed (i.e. stubble fields, Martín et al. 2010b ) that would be too risky to exploit without the antipredator vigilance of little bustards. Our results suggest that both sandgrouse species may be using alternative anti-predation strategies. Although we do not have information available on predation pressure or changes in anti-predator behaviour in these species, we suggest that black-bellied sandgrouse may be selecting non-vegetated areas to avoid predators, whereas pin-tailed sandgrouse might rely more on predator detection facilitated by the presence of conspecifics and other related species (Martín et al. 2010b ). The higher requirements of a reduced vegetation cover for blackbellied sandgrouse occurred not only at the landscape scale but also at the microhabitat level as well.
Conclusions
We suggest that the spatial distribution patterns observed in the present study in both sandgrouse species are the result of different ecological factors that operate at different spatial levels. In agreement with a recent study (Benítez-López et al. 2013) , at the large geographical scale, differences between Iberian sandgrouse distributions seem to be explained mainly in terms of bioclimatology: pin-tailed sandgrouse appear to exhibit narrower niche amplitude, to be a more thermophilous species and occupy warmer sites usually located in flatter areas. At the landscape scale, avoidance of human settlements and paths as well as agricultural intensification are the main parameters explaining the distribution of both species in our study area. At the microhabitat spatial level, however, differences between species could be related to different anti-predation strategies through differences in flocking behaviour and in requirements of vegetation cover. We must be cautious with the interpretation of our results since our conclusions at the landscape and microhabitat scales are drawn upon only one particular study area in central Spain. Whether the environmental conditions, historical factors and human activity in this area allow extrapolation of our conclusions about habitat preferences and interspecific differences to the entire distribution of these species remains untested. However, some of our results for black-bellied sandgrouse (appearing in not severely rugged areas far from human settlements and with a low density of roads) are very similar to those found in the Canary Islands by other authors at a similar spatial scale (Seoane et al. 2010) . Moreover, further studies focused on the behaviour of sandgrouse under sympatric and allopatric conditions could also help to explain the mechanisms underlying the patterns of co-existence in these species.
Conservation guidelines for these species should therefore consider their habitat preferences at large geographical, landscape and microhabitat scales. At the large geographical scale, a priority of conservation for both species should be to maintain viable populations within all the bioclimatic levels where they occur. At the landscape level, agricultural intensification should be avoided. Intensive farming promotes crop production through land consolidation and changes in agricultural practices. According to our results, both sandgrouse species are sensitive to human activity and show preferences for habitat characteristics related to traditional farming practices that provide a dynamic agricultural landscape mosaic. At the microhabitat scale, a traditional rotation system with alternation between plot statuses also provides the ploughed fields, which favour the presence of black-bellied sandgrouse as well as agrarian plots with more vegetation cover like fallow fields, which are used by pin-tailed sandgrouse. In addition, ploughed and fallow fields may be available at the landscape scale, but only if those fields are not intensively treated with herbicides and repeatedly disrupted over the season, will they provide food (seeds and sprouts) to birds.
